Abstract: With peat as the growth base the effect of the various combinations of three amounts of magnesium, of three of potassium, of two of lime and two of nitrogen on the grain and the straw crop yields, grown in pots, was investigated.
Introduction
In investigations concerned with the uptake of nutrients by plants, solutionculture is often used. The concentration of the nutrient solution flowing into the growth base and the ratios between the nutrients can thus be maintained at a constant level for the duration of the test. The uptake of nutrients by the plants is in a test affected only by the properties of the nutrients. When undecomposed peat (Sphagnum) is used as the growth base, the results are almost comparable with solution cultivation (Puustjähvi 1971) . This kind of peat contains very little nutrients, however, it binds a lot of them and releases them again easily to be used up by the plants (Puustjärvi 1968) .
In the literature there is little information about the effect of various nutrients on the development of grain and straw crops of cereals when cultivated in solution. In the experiments the crop of the test plant has often been harvested already at the vegetative stage. In pot experiments on various growth bases magnesium fertilization has either increased significantly the grain yield of cereals (Jerlström 1975) , or it has had no effect (Sorteberg 1974) . As far as the straw yields are concerned the results also vary. The yields of plants fertilized by magnesium and harvested at the vegetative stage depended among other factors on the amounts of potassium, calcium, and nitrogen (Falade 1973 , Hansen 1972 . The ratios between the nutrients, on the other hand, have seldom affected the yield (Omar and El Kobbia 1966, McLean and Carbonell 1972) .
In this investigation an attempt was made to clarify the effects of potassium and nitrogen fertilization, and of liming, on the grain and straw yields of oats, on the maturing, and on the grain weight when using magnesium fertilization.
Material and methods
The test was performed outdoors in the years [1970] [1971] [1972] in Mitscherlichpots (5 1). Undecomposed peat (Sphagnum, 250 g/pot, Table 1 ) served as the growth base, because it was desirable to keep the effects of the growth base on the nutrient uptake of oats to a minimum. In the factorial experiment there were three rates of magnesium application (Mg 0 of the whole crop (grains + straws) was determined by keeping it overnight in 60°C, and then 2 h in 105°C. The weight of the oat grain was determined on the basis of four 100-grain samples. The proportion (%) of grains in the whole yield was calculated from the dry matter yields.
The experiment continued over three seasons. The part of the experiment in which the higher rate of nitrogen was supplied was discontinued after the second year, because a further growth of the grain crop was beginning to dwindle in the pots lacking magnesium.
The exchangeable cations of peat were extracted in 1 N neutral ammonium acetate (1: 60 w/v). The magnesium, potassium, and calcium contents of the extract were determined by means of atomic absorption spectrophotometry, and the exchangeable hydrogen by titrating the pH of the extract back to seven, using O.IN sodium hydroxide solution.
The annual data results were tested by means of variance analysis, and the differences between averages by means of Duncan's new multiple range test (Steel and Torrie 1960) . The interdependencies between the nutrients and the yields were also studied by means of correlation analysis.
Results
Nutrient deficiency symptoms in plants In the oat shoots mild symptoms of magnesium deficiency were observed already in the first year in growths that had not received magnesium fertilization. In the following years the deficiency symptoms were very strong in the plants that had received the highest potassium rate. Tripling the liming lessened the deficiency symptoms with the low level of nitrogen application, but made them more pronounced with the high level of nitrogen application in the second year. In the plants that had received the lower rate of potassium there were potassium deficiency symptoms every year.
Grain and straw yields The magnesium treatments did not have a positive effect on the grain and the straw yields in the first year (Table 2 ). In the pots that had received little lime the grain yield actually decreased with a magnesium sulphate fertilization, when the plants had received an abundant nitrogen and potassium fertilization. Tripling the rate of liming evened out the differences in the grain yields with various rates of magnesium.
The increase in the potassium fertilization from K x to K 2 increased significantly both the grain and the straw yields, regardless of the rates of lime and nitrogen. The highest rate of potassium still increased the yields when using abundant nitrogen fertilization and liming. Tripling the rate of hming had a positive effect on the grain and on the straw yields at all the levels of magnesium application, when abundant nitrogen and potassium fertilization had been used. In the second year without magnesium fertilization the magnesium reserves of the growth base began to be exhausted, especially in the pots that had received abundant nitrogen fertilization. In that situation a magnesium fertilization increased significantly the jdelds with any of the potassium and lime rates. With a high rate of magnesium smaller yields were obtained in some cases than with a low rate of magnesium. The difference was significant, however, in both the grain and the straw yields only in pots that had received slight liming and abundant potassium fertilization. With the low rate of nitrogen the magnesium fertilization increased the yield if the plants were receiving little potassium. Doubling the nitrogen fertilization decreased significantly the grain yield obtained without magnesium fertilization. Increasing the rate of potassium and tripling the liming strengthened the negative effect of an abundant nitrogen fertilization. The corresponding changes in the straw yields occurred in the same direction, but not to as great an extent as the changes in the grain yields.
Irrespective of the levels of lime and magnesium fertilizer application, greater grain and straw yields were obtained with the greatest potassium rate than with the smallest potassium rate when the low level of nitrogen fertilization had been used. In the pots that had received the abundant nitrogen fertilization and liming, increasing the rate of potassium has a significant positive effect on the yields when using magnesium fertilization. In the slightly limed pots the highest rate of potassium produced smaller gram and straw yields than the medium potassium rate. The difference was significant with the high rate of magnesium application.
In the third year the experiment continued with the low rate of nitrogen. The yields were smaller than in the first two years. Without a magnesium fertilization the grain yields were small or the grains did not develop at all. A magnesium fertilization caused a significant increase in the gram and the straw yields with all the rates of potassium and lime application. The two rates of magnesium application showed no differences in this respect.
With the greatest potassium rate smaller yields were obtained than with the two smaller potassium rates at all the levels of magnesium, when the peat had been slightly limed. A astrong liming removed the harmful effect of the h'gh level of potassium, and an increase in the rate of potassium increased the straw yields significantly with both magnesium fertilizations. As far as the grain yields are concerned, an increase in the rate of potassium from Kj to K 2 caused a significant increase in the yield.
The positive effect of tripling the amount of liming was significant on the grain and straw yields of oats at the two highest potassium levels when the plants were receiving a magnesium fertilization.
The greatest grain and straw yields in this pot experiment were produced by using abundant potassium and nitrogen fertilization together with strong liming and magnesium fertilization. The significance of the two rates of magnesium varied from year to year.
During the three years the magnesium fertilization increased the grain and the straw yields annually on the average as follows: In the second year the magnesium fertilization appeared to be increasing the grain and the straw yields in a more pronounced way. The difference was not, however, significant. In all the data from three years the increase in the yield due to the magnesium fertilization was the bigger the smaller the yield that was obtained without any magnesium fertilization (grains r = 0.799***, straws r = -o.7ol***).
The ratios between the equivalents of the annually supplied two amounts of magnesium (200 mg The peat used as the growth base contained little exchangeable magnesium and potassium and an increase in the ratio K/Mg in the fertilizer caused increases in the yields. The grain and the straw yields obtained with the ratios at 1.29 and 2.58 were significantly higher than the yields obtained with ratio at 0.32. At K/Mg equal to 0.65 the yield increased upon increasing the amount of either nutrient. With the ratio at 1.29 or 2.58, increases in the amounts of nutrients, and the ratios between the nutrients, no longer affected the yields.
Grain yield as a fraction of the total yield The percentage figure that gives the grain yield as a lot of the whole yield describes the effect of various nutrients on the development of the grain and the straw yields (Table 3 ). In the beginning of the experiment the magnesium treatments did not change the grain fraction in the over-all yields. Tripling the amount of liming decreased the grain fraction at the K x and K 2 levels regardless of the rates of nitrogen and magnesium fertilization.
In the second year with the abundant level of nitrogen fertilizer supply the deficiency in magnesium lowered the grain fraction in the whole yield with respect to crops that had received a magnesium fertilization. The effect of other nutrients that were studied waslight. The third year results with respect to the magnesium treatments were similar to the previous ones. In add'tion, the highest potassium rate, even together with the magnesium, lowered the grain fraction when the rate of liming was low. As the growth in the grain yield, caused by magnesium fertih'zation, increased, also the grain fraction in the whole yield increased (r = 0.769***, n = 60).
Weight of the grain
Tripling the liming rate, or doubling the nitrogen fertilization rate, depressed the weight of the oat grain in the first year at the level of the lowest potassium rate (Table 4) . Increasing the rate of potassium increased the weight of the grain irrespective of the magnesium treatments.
In the second year an increase in potassium without magnesium further increased the weight of the grain in the crops that had received the low rate of nitrogen fertilizatoin. The same was found to apply in yields at the high level of nitrogen application with magnesium fert lization. Grains obtained without magnesium were smaller than others.
Between the increase, caused by the magnesium fertilization in the grain yield, and the change in the weight of the grain there prevailed a constant, positive correlation (r = 0.863***, n = 60).
Dry matter content of the crop
The crop was cut when the oats had matured in the majority of the pots. The dry matter content of the whole crop, determined immediately after the cutting, varied in the first year in the range 46-85 %, in the second year in the range 16-76 %, and in the third year in the range 19-52 %.
The dry matter content of the crops obtained in the second year with the high nitrogen fertilization rate without magnesium was 16-43 %, and the dry matter content of the corresponding crops, but with magnesium fertilization, was 26-41 percent units higher. Still in the third year, the increase in the dry matter content due to the magnesium fertilization was 8-22 percent units. The amount of green adventitious shoots in crops with a low dry matter content was high. An increase in the potassium level from K 4 to K 4 depressed in all the years, at all the magnesium fertilization levels, the dry matter content of the crop significantly regardless of the amounts of nitrogen fertilization and liming.
Nutrient contents of the growth base
The nutrient contents of the growth base were determined from samples taken at the end of the growth season in the second year from the part of the experiment that had received the high nitrogen rate (N a , Table 5 ), and in the third year from the part that had received the low nitrogen rate (Nj, Table   Table 3 . Grain yield as a fraction of the total yield (%). Meaning of index letters same as in Table 2 . Meaning of index letters same as in Table 2 . Meaning of index letters same as in Table 2. 6). The peat, which served as the growth base, contained exchangeable magnesium 50 mg/100 g air-dry peat. At the end of the experiment the exchangeable magnesium content of the peat had, without magnesium fertilization, dropped as low as to 8 mg/100 g. The annually supplied magnesium fertilization of 200 mg/pot was not sufficient, in conjunction with the strong liming, to maintain the magnesium content of the growth base at the original level if there had been a simultaneous strong nitrogen fertilization. The differences in the magnesium contents of the peat at the two nitrogen fertilization levels were in part caused by the annual magnesium fertilization. The liming clearly increased the exchangeable calcium content of the peat, but the other test variables did not affect it.
Ca x
The greatest potassium amount, supplied annually, has increased the exchangeable potassium content of the growth base significantly in comparation with other potassium treatments, in low limed pots at all the magnesium levels, but in the strongly limed cases only without magnesium fertilization. The great excess of exchangeable potassium in ratio to exchangeable magnesium (K/Mg) in the pots that had received no magnesium fertilization, but the greatest potassium rate, probably is one reason for the reduction in the Meaning of index letters same as in Table 2. yield. The lowest potassium rate was quite deficient, since the plants had used up some of the potassium reserves of the peat itself.
The magnesium and potassium fertilizations, given as sulphates, increased together, and separately, the concentration of water soluble salts (the conductivity value) in the growth base. The high conductivity values were, perhaps. partially responsible for the decrease in the yield in the pots that had received the abundant magnesium and potassium fertilizations.
Discussion
The magnesium reserves in the peat (exchangeable magnesium 50 mg/100 g) were sufficient in the first year for the production of an ample grain and straw yield. The positive effect of the magnesium fertilization on the yields of the following years in this experiment is probably principally caused by the depletion of the magnesium reserves of the growth base. Without a magnesium fertilization there remained in the peat after the experiment on an average exchangeable magnesium 13 mg/100 g. Augmenting the potassium and the nitrogen fertilizations or the liming, without magnesium, did not affect the yield. In a pot experiment on peat, of 5 years' duration, carried out in Norway (Sorteberg 1974) , magnesium fertilization (125, 250 and 500 mg Mg/5 1) did not affect the yield of oats. In the investigation it is mentioned that the peat contained little magnesium. In spite of that the plants grew well without magnesium fertilization. However, the magnesium content of the growth base was possibly greater than in the present investigation.
The slight reduction in the grain and the straw yields caused by the high magnesium rate, 400 mg/pot Mg, probably indicates that an excessive magnesium sulphate fertilization on an acid soil may impede the growth of plants (Schreiber 1950 , Keränen and Jokinen 1964 , Jerlström 1975 . The yield decreased most clearly in pots that had received the high annual amounts of magnesium and potassium sulphate. At the end of the experiment the conductivity values of their growth bases were high, and this may have impeded the growth of oats at least to some extent.
In a magnesium deficiency situation a magnesium fertilization appeared to increase the grain yield more clearly than the straw yield. Results that point in the same direction have also been obtained on mineral soils (Lehne and Koepke 1962, Jerlström 1975) . The magnesium fertilization increased the weight of the grain (Wiehmann 1967) and promoted the development of the grain yield. A magnesium deficiency causes growth delay (Jerlström 1975) , with the consequence that the grain fraction in the total yield diminishes, and the maturing of the crop is delayed (Scharrer and Mengel 1959, Keränen and Jokinen 1964) .
In pot experiments carried out on mineral soil (Jerlström 1975 ) and on peat (Sorteberg 1974) , as well as in solution-culture experiments (Omar and El Kobbia 1966, Falade 1973) , it has been observed, corroborating the results of the present pot experiment, that the yields of various plants increase upon increasing the amount of potassium, if a sufficient amount of the other nutrients is present. In the solution experiments only saturations of potassium exceeding 48 me/1 impeded growth. In the present investigation the annually supplied 1660 mg/pot K (8.5 me/1 of peat) did not depress significantly the grain and the straw yields of oats before the third year, when such a depression occured.
In the first year, when there was a sufficient concentration of exchangeable magnesium and little potassium in the growth base, the effect of the magnesium fertilization on the yields did not depend on the potassium fertilization rate. In the second and the third years the magnesium fertilization increased the grain and straw yields the more the larger the potassium fertilization that had been supplied. An increase in the ratio of the annually supplied potassium and magnesium fertilizations increased the yields of oats. In a Polish pot experiment on a lowpotassium mineral soil, a magnesium fertilization increased the yield of spring wheat only when also potassium fertilizer was used abundantly (Mercik et al. 1976 ). In solution-culture experiments (Benko and Fecenko 1970 ) the yield of barley shoots did not decrease unless there was a great excess of either potassium or magnesium (K/Mg 59:1 or 1:59) in the solution.
Liming promoted the growth of the roots of plants. However, the weights of the roots were not determined in this experiment. It was observed that the straw yield increased as a result of tripling the liming rate. At the same time the grain fraction in the total crop yield diminished. The yield of corn cut at the vegetative stage increased upon the adding of more calcium, both in solution-culture (Falade 1973) and in pot experiments (Hall and Hegwood 1975) . A high level of lime supply increased the yield of oats, and the uptake of magnesium by the yields, in every year (Jokinen 1977) . For that reason, with insufficient magnesium in the third year adding more lime depressed the straw yield.
